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Introduction
Major construction industry reviews in the UK have identified the need for continuous performance improvement (Latham, 1994; Egan, 1998) . The most recent review by Fairclough (2002) also recognised the need for improvements but emphasised the importance and role of innovation in the overall construction process. Learning and knowledge sharing are essential drivers of innovation in order to sustain the long-term competitive advantage of organisations. The industry has also been made increasingly aware of knowledge sharing through initiatives such as the Construction Best Practice
Programme (CBPP) and Movement for Innovation (M4I).
Knowledge is the hidden asset of organisations, which has to be nurtured for long-term corporate sustainability (Edvinnson, 1997) and knowledge management is a method of exploiting, or transforming knowledge as an asset for organisational use to facilitate continuous improvement. However, KM is a recent and evolving practice, particularly for construction organisations. A recent survey of leading construction organisations in the UK shows that about 42% have a KM strategy, and 32% plan to have a strategy within a short term (Carrillo et al, 2004) . Over 90% of larger organisations (employing more than 1,500) have or intend to have a strategy compared to half of the smaller organisations (employing less than 500). The results suggest that: (1) KM is becoming increasingly important in the construction context; and (2) KM appears to be more important to larger organisations as it is difficult to determine 'who knows what' in such organisations (Davenport and Prusak, 1998) . Larger organisations are also more likely to have a leader or a KM champion and to have the resources to support a KM strategy. Patel et al (2000) argued that KM and organisational learning are recognised by the larger construction firms as potentially important but little has been attempted at a formal level.
Whilst an increasing number of construction organisations now perceive KM as an integral aspect of business improvement, there are major difficulties associated with its application such as establishing a strategy, identifying the resources and reform needed and evaluating its benefits. This paper presents evidence on the state of KM in large construction organisations in the UK. The paper is divided into six sections as follows: KM Considerations; Case Study Objectives and Methodology; KM Practices of the case study organisations; Analysis and Discussion; and Conclusions.
KM Considerations
Knowledge is vital for business improvement but "it is not the knowledge of the organisational members per se which is of critical strategic importance, it is the firm's productivity in building, integrating and utilising its intellectual capital which is vital" (Jordan and Jones, 1997) . There are several dimensions of organisational knowledge; individual and group knowledge, internal and external knowledge, and tacit and explicit knowledge (Al-Ghassani et al, 2002) . However, one of the most practical distinctions is that between tacit and explicit knowledge (Nonaka and Takeuchi, 1995) . Tacit knowledge is stored in the heads of individuals and is difficult to communicate externally or to share. Explicit knowledge is captured or stored in an organisation's manuals, procedures, information systems, and is easily communicated or shared with other people or parts of an organisation.
Knowledge in the Construction Context
There is a need to structure or classify the knowledge an organisation is interested in terms of its business context. Context-based factors relate to what an organisation produces (products in terms of goods and services), what processes are required and what people are employed. Bennett (1991) identified three distinct end products: standard construction, traditional construction and innovative construction. These products rely on a mix of tacit and explicit knowledge. For example, innovative products require a higher degree of tacit knowledge (Bennett, 2000) . Product knowledge also relates to knowledge about different client types, associated relationships and market characteristics. Process factors relate to the technical and management systems used in production. Technical processes could be highly labour-intensive relying on tacit knowledge or automated based on explicit (codified) knowledge in computer systems.
Management processes range from programmed to problem-solving organisations.
Problem-solving organisations rely on tacit knowledge to produce innovative projects. This is necessary to fulfil clients' design and construction requirements that cannot be met by established answers (Bennett, 2000) . People factors relate to the characteristics of individuals and teams. While appropriate management structures are necessary, competent teams (suppliers, designers and constructors) are vital for the construction process. Matusik and Hill (1998) argued that the relationship between organisational knowledge and competitive advantage is moderated by an organisation's ability to integrate and apply knowledge. The key issue, therefore, is to identify localised knowledge and transform it into productive knowledge that resides within the organisation and creates value (Stewart, 1997) . Developing a strategy to manage knowledge therefore requires an understanding of the dimensions of knowledge and its business context.
Knowledge Management Strategy
Knowledge management relates to unlocking and leveraging the different types of knowledge so that it becomes available as an organisational asset. Implementing KM enables an organisation to learn from its corporate memory, share knowledge, and identify competencies in order to become a forward thinking and learning organisation.
O' Leary (2001) argued that KM initiatives can help attract and nurture top talent, as 'maximising access to knowledge across the organisation' can accelerate the learning experience of new employees, build more knowledge and increase organisational capability. KM can drive innovation, helps to attract new and retain valuable customers, and in the process increase organisational productivity and profitability. Demarest (1997) noted that 'firms without knowledge management systems will be effectively unable to achieve the re-use levels required by the business model implicit in the markets they enter, and will lose market share to those firms who do practice knowledge management'.
There are two distinct strategies identified for developing KM systems: codification and personalisation (Hansen et al, 1999) . A codification strategy revolves around explicit knowledge captured and leveraged using IT-tools i.e. software such as expert systems, artificial intelligence and data mining tools. Personalisation, at the other extreme, revolves around tacit knowledge using non-IT tools or human interactive systems such as knowledge sharing networks (Dyer and Nobeoka, 2000) , communities of practice (Wenger et al, 2002, brainstorming and post-project reviews, etc. In a codification strategy, IT can be used to make intelligent decisions, whereas in a personalisation strategy, IT provides communication support. Incentives and reward schemes may be necessary to encourage knowledge sharing and has been identified as one of the critical success factors for KM (Hall et al, 2000) . There are also different types of incentives or rewards -financial, promotional or peer acclaim. However, a key issue in the application of KM is the evaluation of the likely outcome or benefits. Dent and Montague (2004) has suggested that 'it may be more appropriate to scrutinise, review and celebrate success rather than develop specific KM measurement'. They foresee a need for more detailed measures when KM activity matures within the company. A major challenge for those with responsibility for KM, therefore, is to make a strong business case and to convince senior management and other employees about the potential benefits (Davenport et al, 1997) .
Case Study Objectives And Methodology
This study forms part of a three-year research project investigating the relationship between knowledge management and business performance. The objective of the study was to assess KM practices and the factors influencing the development of KM based on case studies of four construction organisations. A two-stage approach was used to highlight key issues on KM prior to conducting the case studies. Firstly, the literature review and initial discussions with companies participating in the project provided the basis for identifying key issues in KM. Secondly, an exploratory survey was carried out on the perception of KM in engineering and construction organisations using a sample of 170 leading organisations in the UK. The findings indicated that over three-quarters of organisations were aware of the benefits of KM and the same amount intended to have a KM strategy in the short -term, over 45% of organisations intended to have a person or group with responsibility for KM and a lack of standard work processes posed a barrier to KM (Carrillo et al., 2004) . A case study approach was selected for further exploration as it provides an in-depth insight on how KM is planned, implemented and evaluated. This involved identifying suitable persons in each organisation and conducting semi-structured, open-ended interviews.
The interviews focused on key themes of KM such as the organisations' goal, KM strategy, the tools for implementing KM, barriers, and the evaluation of KM. A number of questions were specifically aimed at investigating the links between KM and business strategy, and the use of the Balanced Scorecard (Kaplan and Norton, 1996) 
The Case Studies
The case studies reflect the experiences of some of large UK construction organisations Company B is a UK company with over 1500 employees and an annual turnover of over £900 million. The company's predominant focus is on whole life construction and it is involved in a wide range of activities including both buildings and civil engineering projects. They are in the process of reviewing their IT strategy, and are taking the opportunity to look at associated KM issues with a view to developing a KM strategy.
Company C is a UK-based company with international operations employing about 50,000 employees and with an annual turnover of over £4 billion. The company's predominant focus is on engineering design ranging from buildings to heavy civil engineering projects. It has recently been restructured following a high profile merger with a large international professional services group. A Chief Knowledge Officer (CKO) was appointed in 2000. This position enjoys a high level of management support and reflects the company's commitment to managing its intellectual assets. The CKO reports directly to a line manager who is on the Executive Board.
Company D is a UK organisation involved in construction projects from design and construction to facilities management. It has been involved in major restructuring leading to down-sizing and a change of strategic direction. It employs over 250 people and has an annual turnover of over £100 million. There is no specific manager or post dedicated to KM, but the Information Systems Manager and Systems Administrator undertake some KM activities. A KM strategy is being formulated. 
Analysis And Discussion
The case studies provide a snapshot of how KM is practised in four large construction organisations. The measures adopted and the progress of the case study organisations are discussed below.
Strategic Considerations

KM Awareness
All the case study organisations are aware of the importance of knowledge sharing and the benefits of KM but there some differences in perception. Some organisations perceive KM as synonymous with managing information. There is clearly a difference between knowledge and information, and this difference is not academic. As Malhotra (2000) explained 'this strategic difference is not a matter of semantics; rather, it has critical implications for managing and surviving in an economy of information overabundance and information overload'. The purpose of KM or the role of a Knowledge Manager is also misunderstood in some organisations. The narrow interpretation of KM implies that the role of Knowledge Manager is sometimes wrongly perceived to be that of a technical librarian for managing information on the Intranet.
There is also the misconception of a Knowledge Manager as somebody who knows 'everything about everything'. A Knowledge Manager is simply a facilitator or, using Skandia's concept of a tree metaphor, a 'gardener' to nurture the roots of organisational knowledge. The role of knowledge manager needs to be communicated in some organisations to facilitate knowledge sharing and to dispel fears sometimes associated with KM such as job insecurity.
KM Goal and Strategy
The primary goal or motivation for KM varies from seeking best practices in all business activities to providing a better service to clients. However, the overall objective is to improve project or business performance and indirectly to increase profitability. Two case study organisations already have a KM strategy, one is in the process of fine-tuning its strategy whilst the other plans to have a strategy in the short term. The absence of a working definition of what constitutes knowledge to underpin the KM strategy in some organisations reflects the casual approach to KM and an indication of the need for further exploration of KM issues.
Structure of the KM Strategy
All the case study organisations argued that the talents of their people are crucial and are, or will be, central to any KM strategy. As one senior director put it 'I can think certainly we have to start with people, we are not manufacturing nuts and bolts -we are out there selling a service -professional project management service in the main and that depends on the expertise, training … and ability of our people'. Processes are also recognised as an important aspect. Two of the organisations have been involved in high profile merger and acquisition activities recently. The implication is that these organisations are now suffering from having too many different processes, which makes knowledge sharing difficult. These organisations are now undertaking a major restructuring of their business processes to identify problem areas, clarifying the users and sources of knowledge, in order to facilitate knowledge sharing. Some organisations also recognise the importance of their products, but the product aspect of KM is often overlooked. Whilst it is the tacit knowledge of people that is more valuable for engendering innovation (Egbu 2000) , it is ultimately the products that determine whether an organisation will remain competitive. However, none of the organisations appears to have a coherent structure for looking at knowledge management requirements in terms of the relationships between people, processes and products (Robinson et al 2001) . KM strategies are more likely to be successful if there is a structure for identifying the relationships between the types of knowledge required with clear priorities to avoid chaos or an 'archipelago of knowledge islands' (APQC 1997).
Implementation
KM Resources
Some organisations enjoy a higher degree of top management support than others.
Senior management support and leadership for KM is vital. The two international organisations have established full-time KM positions -a chief knowledge officer and a knowledge manager. The two national companies do not have designated KM positions but have assigned KM responsibilities to various personnel. Whilst it is true that the function or role is more important than the title, support for KM by individuals as part of their normal jobs can be a source of distraction, as they can be vulnerable to pressures from other conflicting activities. Also, to add KM as another responsibility without increasing resources is not feasible. It may, at best, downgrade its profile or, at worst, there may be strong resistance to KM, which can lead to it not being taken seriously.
KM strategies also need to be fully resourced in terms of KM teams to support the leadership, a budget and an infrastructure. The two organisations with a KM strategy and the third organisation currently fine-tuning its strategy have employed additional staff. A budget of £500,000 was specified in one organisation, but remained undisclosed in the other two cases for commercial reasons. The use of external consultants is limited to one organisation, where the consultant was asked to review how knowledge could be captured from processes, as part of a change management programme. All the case study organisations have an Intranet that is used to support KM, although some are more advanced than others.
IT-Based KM Tools
The case study organisations have a number of IT and non-IT systems for implementing KM. The Intranet is the backbone of the IT infrastructure but there are concerns about content management, access, validation and editorial issues. Content validation is a key problem associated with the use of Intranets. Some organisations have a clear validation procedure or mechanism whilst others do not. However, the need for a validation mechanism for putting items onto the Intranet with clearly defined processes and process owners is generally recognised as crucial. Extranets are also used but this is a more recent development and generally limited to certain projects in some organisations.
However, its use should be promoted, as a useful tool for collaborative work to facilitate knowledge sharing within project teams and the entire construction supply chain.
Non IT-Based KM Tools
There is a perception in some organisations that information technology is central to KM. Some argue that 'there is a powerful symbiotic relationship between knowledge management and information technology' (APQC, 1997), as an increasing amount of corporate knowledge is now available on Intranets and other IT-based systems.
However, there is widespread evidence that most organisational knowledge is in people's heads and processes, and IT is not capable of capturing some tacit knowledge without losing its context. For example, Malhotra (2000) argued that there is a 'dangerous perception about knowledge management as seamlessly entwined with technology'. Davies et al (1998) argued for new ways of transmitting knowledge through organisations as a large amount of the knowledge within an organisation is personal, context-specific and difficult to write down. Thus, more effort should be directed in setting up and enhancing systems to facilitate person-to-person and person-toorganisation interactions.
The two international organisations are currently using Skills Yellow Pages whilst one of the national organisations is exploring this facility for locating tacit knowledge i.e. to find the right person to approach for advice and best practice. A leading UK consulting organisation, has Skills Yellow Pages that puts staff in contact with not just another person, but that individual's network and reference material (Sheehan, 2000) . Such a tool is very important to organisations but needs to be kept up-to-date to maintain its usefulness. Other non-IT tools used for knowledge sharing include communities of practice, task teams, and quality circles. 'Share Fair' was used as a high profile event in one organisation to encourage a knowledge sharing culture.
Reward schemes
None of the organisations have reward schemes for knowledge sharing. Financial reward systems are difficult to put into operation and organisations must therefore tread carefully. A CKO argued that 'the real things in KM are the soft rewards, feeling good about being contacted or appreciated by colleagues as an expert'. This view is supported by Sheehan (2000) who argued that peer acclaim is more likely to be successful. Imposing incentive schemes for willingness to share and use knowledge may, at best, be difficult to monitor and, at worst, be seen as divisive. Monitoring willingness to share can be subjective, inflated to attract rewards, and could lead to what Lawton (2000) described as the 'development of knowledge landfills'.
Barriers to KM
Organisational culture is considered one of the most crucial factors contributing to the success of a KM project, and 'perhaps the most difficult constraint that knowledge managers must deal with' (Davenport et al, 1997) . The case studies confirm that organisational culture is a key barrier but this has not yet been addressed in most organisations. KM is not only a technical problem involving the use of IT but a sociocultural one involving motivating people 'to make them willing to yield up this knowledge for organisational use' (Marshall and Sapsed, 2000) . Only one organisation has implemented a change management programme to strengthen the relationship between teams and to inculcate a positive attitude to knowledge sharing and recognition. There is the need to proactively tackle organisational culture, and associated barriers such as people's fears, attitudes or resistance to knowledge sharing. Other barriers identified include initiative overload, bureaucracy associated with KM, poor IT infrastructure, lack of top management support, conflicting priorities between KM and other business functions and the difficulties associated with communicating the benefits of KM.
Evaluation of KM Performance
Relationship between KM and business strategy
The case studies show a recognition that KM needs emphasis but there are difficulties in demonstrating its benefits to senior management. KM is not explicitly linked to their business strategy or strategic objectives. Both the Balanced Scorecard and the Excellence Model are used by the case study organisations as frameworks for business improvement and provide a basis for developing KM. However, the learning and knowledge dimension of both models are often overlooked in practical applications. In identifying the links between the KM and business strategies, the relationships between the teams are also crucial. A senior business improvement manager working with a colleague on establishing a knowledge repository argued that 90% of the knowledge captured in two main areas of expertise of the firm will be lost if they leave the organisation. This highlights the need for KM strategy to address both tacit and explicit knowledge.
Monitoring and communicating the benefits of KM
Several of the organisations have identified demonstration projects as KM initiatives.
However, appropriate methods are not put in place to monitor and communicate the benefits of KM initiatives. Publicising the results of KM initiatives can help maintain KM as a high profile activity and increase the level of awareness, even after the initial interest has waned. Performance measures currently being used or developed in some organisations could be linked to KM initiatives. A full-scale measurement framework could be developed as an organisation evolves to a stage where KM implementation is mature, well co-ordinated and sustained. However, it is recognised that organisations at the lower levels of KM maturity may need to start with basic qualitative performance measures to monitor and review the benefits (APQC, 2001; Dent and Montague, 2004) .
Benchmarking KM Activities
The case studies illustrate that construction organisations are at varying levels of implementing KM. They range from organisations that have made limited progress as a result of approaching KM without a dedicated leadership and an under-resourced KM plan to organisations that have made reasonable progress mainly due to a KM strategy supported by a leadership and dedicated resources. One way of finding out where an organisation stands in terms of KM maturity is to benchmark their activities with other organisations. Dent and Montague (2004) attempted to benchmark organisations but the result does provide a mechanism for allowing organisations to see where they stand compared to leading UK construction companies. One proposal to assess KM maturity is provided in the following section.
Maturity Stages
A KM maturity roadmap (STEPS) was developed based on attributes discussed in the case studies (see Figure 1) . The five steps (Start-up, Take-off, Expansion, Progressive, and Sustainable) show the various levels of KM maturity. The attributes reflect key issues in KM such as awareness of the benefit of knowledge sharing, the need to identify the reform needed, the resource implications and the need for a result monitoring system to review the impact of KM. Each attribute also has dimensions of low, medium and high performance to indicate their position within each stage. This allows companies to refine their position if they have only met some of the attribute's requirements. <Take in Figure 1> Organisations at the Start-up stage are characterised by some understanding of the importance of knowledge sharing, awareness of the benefits of KM, and how it could be applied for business improvement. For organisations at the most advanced stage, the Sustainable stage, KM is expected to be a normal routine, diffused in the entire organisation, as it becomes an integral part of the organisational culture, employees' behaviour, business processes and product development. This is also referred to as the institutionalisation of KM (APQC, 2001) . The following provides typical characteristics of each stage.
Start-up Stage
Organisations at this stage are the least advanced and are characterised by:
• An understanding of the concept of KM, different perspectives of KM and its practical implications;
• An appreciation of the benefits of KM, at least, in theory;
• Recognition of the potential of KM in building the value of knowledge assets for continuous improvement; and
• Establishing the need for KM and the willingness to share knowledge
Take-off Stage
The Take-off stage involves:
• Establishing the goals of KM;
• Exploring strategic options. This could be demand driven (delivered in real time where and when it is needed) or supply driven (available in a central repository).
The focus could be on people interactions (personalisation) or documents or IT (codification);
• Developing a KM strategy with a working definition to facilitate consensus;
• Establishing leadership and identifying resources for consultancy and support;
• Identifying barriers and risks associated with the strategy and possible changes required; and
• Experimentation of KM on an ad hoc basis, localised or very small scale.
Expansion Stage
The Expansion stage is characterised by:
• Refining the KM strategy and linking KM activities to specific business objectives;
• Increasing the visibility of KM leadership, and the allocation of resources (budget, staff, IT infrastructure);
• Implementing a change management programme to address barriers and risks identified;
• Implementing KM initiatives in a structured and co-ordinated way, and identifying appropriate KM tools to support specific initiatives;
• Increasing the scale of KM initiatives to other business units, projects and offices;
• Introducing performance measures to evaluate KM; and
• Communicating the benefits of knowledge assets.
Progressive Stage
The Progressive stage is characterised by:
• Integrating KM activities into strategic measurement frameworks such as the Balanced Scorecard and the Excellence Model to monitor and evaluate knowledge assets;
• Establishing evaluation criteria and targets for measuring the impact on knowledge assets and justifying KM initiatives;
• Introducing reward and incentive schemes to strengthen KM activities; and
• Increased visibility and communication of the benefits from most KM activities.
Sustainability Stage
At the Sustainable stage, KM becomes institutionalised and is characterised by:
• KM becoming linked to all business objectives;
• KM practices diffused in the entire organisation;
• KM becoming embedded in organisational culture, employees' behaviour, business processes and product development; and
• Widespread reporting on the performance of knowledge assets underpinning corporate sustainability.
Within each stage a low, medium and high rating is used to indicate whether the characteristics are superficially, partially evident, fully evident respectively. <Take in Figure 2> The researchers' ratings are based on an analysis of the key attributes of KM using the STEPS maturity roadmap. The assessment shows that two organisations have overestimated their level of maturity, one has under-estimated it, while the fourth has made a reasonably accurate estimate. In terms of achievements, two organisations are at the Start-Up stage, one is at the Take-off stage and one is at the Expansion stage. The two case study organisations (A and C) leading the maturity scale are international companies. The remaining two (B and D) are national, UK-based companies at the Start-up stage, exploring KM, often without resources and a dedicated leadership to direct their KM strategy. These findings suggest that there is a greater need for larger international organisations to implement KM systems as they tend to have a significant amount of knowledge that is more diverse and geographically dispersed to manage.
However, a wider study of organisations will be required to confirm this. It also shows that there is still a considerable amount of work to be done before any of these organisations achieve the Sustainable stage.
Conclusions
There is a growing awareness of the need for a structured approach to KM across a wide range of industry sectors. Construction organisations are keen to benchmark their KM activities in an effort to improve performance. This paper investigated the KM activities of four leading construction organisations using a case study methodology.
The areas investigated were their KM strategy, implementation and the evaluation methods used to judge the success of their KM initiatives as well as the linkages between KM and business strategy.
In implementing KM, organisations should consider the following factors:
• The need to develop a strategy which clearly defines the objectives of KM implementation;
• Resources including a budget and management support are essential for KM implementation success;
• Recognition that necessary reform such as organisational culture needs to be addressed to facilitate KM implementation;
• KM strategy needs to be supported by both IT and non-IT tools to be successful. IT tools address the explicit knowledge component whereas non-IT tools address the tacit knowledge component;
• It is important to link KM to existing performance measures; and
• There is a need for a KM maturity scale to enable organisations to objectively benchmark their KM implementation efforts.
The STEPS framework indicated that the larger international organisations, often geographically distributed, are ahead of national, UK-based, companies in terms of the progress on KM. However, further research will be needed to confirm this finding.
Construction organisations are keen to exploit any mechanism that encourages better performance. KM is now seen as a contributory factor in business improvement.
However, organisations are more likely to be successful in implementing KM if appropriate measures are adopted, implementation issues addressed and the link between KM and business strategy strengthened.
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